In these investigations, blocking N-cadherin function decreased cell-cell contact between interacting myocytes as well as disrupted myofibril organization (Goncharova et al., 1992; Peralta Soler and Knudsen, 1994; Wu et al., 1999) and formation (Imanaka-Yoshida et al., 1998) . A similar result was obtained with a dominant-negative N-cadherin construct microinjected into adult rat cardiomyocytes (Hertig et al., 1996b) . Observations of interactions between living adult rat cardiomyocytes demonstrated recruitment of a Ncadherin/EGFP fusion protein to regions of initial cell-cell contact, which appeared to serve as insertion sites for stressfiber-like actin-containing structures (Zuppinger et al., 2000) . Consistent with a role for cadherin-mediated adhesion in gap junction formation (Frenzel and Johnson, 1996; Hertig et al., 1996b; Jongen et al., 1991; Meyer et al., 1992) , the Ncadherin/EGFP fusion protein appeared before connexin 43 (Cx43) at newly established cell-cell contact sites between the myocytes. In the present study, we further demonstrate the importance of N-cadherin in maintaining proper cytoarchitecture of the cardiomyocyte required for normal myofibril contractility between the cells as well as for gap junction formation.
E-cadherin plays an important role in the maintenance of the epithelial phenotype and its downregulation is involved in tumor progression (Conacci-Sorrell et al., 2002) . Mouse Nand E-cadherin show 49% amino acid similarity overall and in vitro studies indicate that N-and E-cadherin do not interact in either cis or trans (Miyatani et al., 1989; Shan et al., 2000) . We recently demonstrated that cardiac-specific expression of E-cadherin could restore cell adhesion and looping morphogenesis in N-cadherin-null embryos ). However, we did find that misexpression of E-cadherin in the adult myocardium led to severe cardiomyopathy in transgenic mice due to defects in the intercalated discs (Ferreira-Cornwell et al., 2002) . In the present study, we examine E-cadherinmediated myofibril organization in cultured N-cadherin-null myocytes.
Cell-ECM interactions are also important determinants of myocyte cytoarchitecture, providing structural integrity necessary for normal sarcomere organization (Ross and Borg, 2001) . The integrin family of cell adhesion receptors mediates these interactions by binding to the substrata components, including collagens, fibronectins and laminins. Similar to Ncadherin, β1 integrin is expressed in the developing and mature myocardium (Carver et al., 1994; Terracio et al., 1991) . In the presence of anti-β1 integrin antibodies, normal cell spreading and myofibril organization was perturbed in cultured neonatal rat cardiomyocytes (Hilenski et al., 1992) . Myocytes derived from β1 integrin double-knockout embryonic stem (ES) cells exhibited altered in vitro differentiation and abnormal sarcomeric architecture (Fassler et al., 1996) . Recently, the gene encoding β1 integrin was deleted specifically from ventricular myocytes, resulting in dilated cardiomyopathy in mice (Shai et al., 2002) . In summary, over the past 10 years, numerous studies have indicated that both the integrin and cadherin adhesion systems are important for maintenance of myofibril structure.
The structural integrity of the nascent myocardium is severely perturbed in N-cadherin-null embryos, resulting in early lethality (Radice et al., 1997) and making it difficult to study the cellular characteristics of the mutant myocytes in vivo. In this study, we circumvented this problem by examining myocyte cultures derived from mutant and rescued embryos. In contrast to previous in vitro studies, we found that N-cadherin is not required for myofibrillogenesis, but is essential for proper alignment of the myofibrils across the plasma membrane. In addition, an epithelial cadherin, Ecadherin, was capable of anchoring actin filaments into the membrane and thus restoring myofibril organization in the Ncadherin-null myocytes, demonstrating that these classical cadherins are interchangeable in this particular cellular context.
Materials and Methods

Mouse husbandry
The generation and genotyping of the N-cadherin-knockout (Radice et al., 1997) and α myosin heavy chain (αMHC)/E-cadherintransgenic mice were described previously. Briefly, a cDNA encoding human E-cadherin was cloned into an expression vector containing the αMHC promoter (Gulick et al., 1991) . The cardiac-specific expression construct was used to generate transgenic mice . Tail DNA was obtained from the mice and subjected to PCR analysis using primers specific for the N-cadherin mutation and transgene. Heterozygous N-cadherin mice with or without the αMHC/E-cadherin transgene were interbred to generate litters of embryos for analysis.
Myocyte cultures and immunohistochemistry
Embryos were collected on either embryonic day (E)9.0 (mutant) or E10.5 (rescued), and the yolk sac from each embryo was harvested for genotyping by PCR analysis . In this study, 'rescued' embryos are defined as mutant embryos expressing the αMHC/E-cadherin transgene (Ncad -/-; Ecad + ). Heart tubes were isolated, trypsinized and plated on fibronectin-coated coverslips in 24-well dishes. The myocytes were cultured in DMEM with high glucose and 15% FBS. Although the recovery of cardiac cells from the mutant embryos was variable, the remaining attached myocytes appeared normal as demonstrated by their well-formed myofibrils and ability to contract in the culture dish. After three days, the cultures were observed with a Nikon inverted microscope, and were photographed and fixed in freshly prepared 4% paraformaldehyde for 15 minutes at room temperature. The cells were washed with PBS, and treated with 0.5% Triton X-100/PBS for 10 minutes. The samples were washed in PBS before blocking with 5% skim milk/PBS for 30 minutes. Antibodies were diluted in 5% skim milk/PBS as follows: mouse monoclonal anti-N-cadherin, 1:100 (3B9; Zymed, South San Francisco, CA); mouse monoclonal anti-E-cadherin, 1:100 (4A2C7; Zymed); mouse monoclonal anti-sarcomeric α-actinin, 1:100 (EA-53, Sigma); mouse monoclonal anti-β-catenin, 1:100 (CAT-5H10; Zymed); rabbit polyclonal anti-Cx43, 1:100 (Zymed); mouse monoclonal anti-vinculin, 1:500 (Sigma); mouse monoclonal antip120ctn, 1:400 (#98, Transduction Laboratories, Lexington, KT); mouse monoclonal anti-desmosomal protein, 1:100 (ZK-31, Sigma); rat monoclonal anti-β1 integrin, 1:500 (Transduction Laboratories). Samples were incubated overnight at 4°C with primary antibodies. After washing in PBS, cultures were incubated with the appropriate secondary antibody, 1:100 (Jackson ImmunoResearch Laboratories, West Grove, PA): Cy3-anti-mouse IgG, FITC-anti-mouse IgG, Cy3-anti-rat IgG, Cy3-anti-rabbit IgG, or FITC-anti-rabbit IgG, for 1 hour at room temperature. The cultures were washed in PBS and mounted for analysis with a confocal microscope.
Results
Previous studies from our laboratory showed that cardiac-specific expression of either N-or E-cadherin was sufficient to partially rescue N-cadherin-deficient embryos. Myocyte adhesion and cardiac looping morphogenesis was corrected in N-cadherin mutant embryos carrying either transgene ). To our surprise, the epithelial cadherin appeared to replace N-cadherin functionally in the embryonic heart. In the present study, we sought to compare in more detail the cellular properties of wild-type, N-cadherin-null and rescued myocytes cultured in vitro. In this way, myocytes would not be exposed to the mechanical load associated with the working heart in vivo, allowing cell-cell and cell-ECM interactions to be examined under similar in vitro conditions. E-cadherin restores normal morphology and adhesion in N-cadherin-null myocytes As previously described , the human gene for E-cadherin expressed from the MHC promoter results in cardiac-specific expression in the primitive heart tube. Heterozygous N-cadherin mice with or without the αMHC/Ecad transgene were backcrossed to N-cadherin heterozygotes, and embryos recovered at E9 (Ncad -/-) or E10 (Ncad -/-; Ecad + ). Heart tubes were isolated, cells disassociated, and examined after 3 days in culture. The frequency of viable cultures obtained from the N-cadherin mutant embryos was low, probably due to the poor yield of myocytes from the developmentally delayed mutant embryos. Approximately 80% of the cells in culture were myocytes as determined by immunostaining for sarcomeric myosin (data not shown). Wild-type myocytes attached and spread extensively on fibronectin-coated cover slips and formed tightly adherent aggregates (Fig. 1A) . By contrast, only a subset of N-cadherin-null myocytes attached and spread, forming small aggregates (Fig. 1B) ; however, many cells either never attached or initially attached and eventually rounded up and detached from the substrate (Fig. 1C) . The mutant myocytes continued to beat, albeit weakly, demonstrating their viability. Consistent with this observation, we had previously shown no increase in apoptosis in mutant myocytes in vivo . Normal cell-cell contacts and morphology were restored in the N-cadherin-null myocytes expressing the αMHC/Ecad transgene (Fig. 1D ). Similar to wild-type cultures, large aggregates of these myocytes were generated by E-cadherin-mediated adhesion.
Catenin expression is severely reduced in N-cadherindeficient myocytes Cadherins and catenins are coordinately regulated in cells. To investigate the expression and distribution of catenins in Ncadherin-null and rescued myocytes, immunohistochemistry was performed on the myocyte cultures. Consistent with Ncadherin being the primary cadherin present in myocytes, β-catenin and p120ctn were significantly reduced or absent at the cell membrane in the N-cadherin-null myocytes (Fig. 2B ,E) compared with wild-type ( Fig. 2A,D) . E-cadherin expression restored catenin expression to normal levels in the mutant myocytes (Fig. 2C,F) , verifying the co-regulation of these molecules.
N-cadherin-mediated adhesion is not required for myofibrillogenesis Antibody perturbation experiments in chicken cardiomyocyte cultures suggested that N-cadherin was required for the formation (Imanaka-Yoshida et al., 1998) and maintenance of normal myofibril organization (Goncharova et al., 1992; Peralta Soler and Knudsen, 1994) . Here, we examine myofibril structure in myocytes genetically null for N-cadherin. Cultures were stained with phalloidin (Fig. 3A,C) , which binds F-actin in the I-bands, and with antibodies against sarcomeric α-actinin, a component of the Z-disk (Fig. 3B,D) . In the absence of N-cadherin, the striated pattern of these myofibril components appeared normal, in contrast to predictions from previous experiments using N-cadherin function-blocking antibodies. Note the thicker-appearing myofibrils in the Ncadherin-deficient cells compared with wild-type, which might reflect the inability of the myocytes to remain well spread. We conclude that N-cadherin is not required for myofibrillogenesis, suggesting that other cell adhesion mechanisms (i.e. focal adhesions, Fig. 6 ) might be sufficient to promote myofibril formation in the absence of N-cadherin. Fig. 1 . In vitro culture of myocytes derived from N-cadherinnull and E-cadherin-rescued N-cadherin-null embryos. Wildtype myocytes formed tightly adherent aggregates (A) after 3 days in culture. In comparison, small, less-compacted aggregates of N-cadherin-deficient myocytes were observed (B). Although the cells were less adhesive, small aggregates of mutant myocytes were observed beating synchronously, albeit more weakly compared with wild-type aggregates. Many mutant cells had difficulty remaining attached to the substrate, causing them to round up (C). Introduction of the αMHC/Ecad transgene into the mutant background restored normal cell adhesion, resulting in large aggregates of strongly beating myocytes (D). Bar, 10 µm.
Cadherin function is required for myofibril alignment between myocytes
For the myocardium to function normally, myofibrils must be aligned across the plasma membrane from one cell to the next, allowing efficient coordinated contraction of the muscle. Small aggregates of myocytes were examined for myofibril organization to determine why the N-cadherin-null aggregates appeared to contract more weakly compared with wild-type aggregates. The myocytes were double stained with phalloidin and cadherin, in the case of wild-type and rescued myocytes, and staining of a desmosomal protein was used to delineate the cell membrane in the mutant myocytes. The myofibrils of wildtype myocytes inserted into the plasma membrane, as demonstrated by the merged image of N-cadherin and F-actin (Fig. 4C) . The myofibers appeared to run continuously from one cell to the next through regions of cadherin-mediated cellcell contact. By contrast, although myofibrils appeared well formed in the mutant myocytes, they were not anchored at the cell membrane and their orientation was random with respect to their neighbors (Fig. 4E,F ). E-cadherin was capable of anchoring the myofibers into the plasma membrane, thus restoring myofibril alignment between the rescued cells ( Fig.  4I ) and demonstrating that a non-muscle cadherin can substitute for N-cadherin in myocytes. As reported for Ncadherin (Goncharova et al., 1992) , E-cadherin was also found localized to costameres as illustrated by its periodic striations at the dorsal surface of the rescued myocytes (Fig. 4J) . In addition, the Z-disks were properly organized in the Ecadherin-rescued myocytes as demonstrated by sarcomeric α-actinin staining (data not shown). Taken together, we have shown using genetically modified myocytes that cadherinmediated adhesion is required for myofibril organization between cells, but not formation within them.
Gap junction protein Cx43 is downregulated in Ncadherin-null myocytes On the basis of previous studies, it has been proposed that cellcell contact mediated by N-cadherin is a prerequisite to gap junction formation in myocytes (Hertig et al., 1996a; Kostin et al., 1999; Zuppinger et al., 2000) . Given the significant reduction of catenins in the N-cadherin-null cells (Fig. 2) , we concluded that N-cadherin was the primary cadherin expressed by cardiomyocytes, therefore we decided to examine gap junction formation in these cells. To examine the presence of gap junctions in the myocytes, the cultures were Journal of Cell Science 116 (8) Fig. 2 . Expression of β-catenin and p120ctn in transgenic myocytes. Myocyte cultures were examined by indirect immunofluorescence for expression of β-catenin (A-C) and p120ctn (D-F). Both catenins showed localization at cell-cell boundaries in wild-type cells (A,D). Expression of β-catenin (B) and p120ctn (E) were significantly reduced in the N-cadherin-null myocytes. Both catenins (C,F) were found localized to cellcell contacts in the mutant myocytes expressing the αMHC/Ecad transgene. Bar, 50 µm. Fig. 3 . Myofibrillogenesis in N-cadherin-null myocytes. Wild-type (A,B) and mutant (C,D) myocytes were double stained for F-actin (A,C) and sarcomeric α-actinin (B,D). Overall, myofibril structure appeared remarkably similar in these well-spread myocytes, as illustrated by the striated pattern of the myofibril components. Based on the phalloidin stain, it did appear that the mutant myofibrils were somewhat thicker or denser compared with the wild-type structures; however, no apparent difference was observed with α-actinin staining. Bar, 50 µm.
immunostained with antibodies against Cx43. The characteristic punctate staining of Cx43 at regions of cell-cell contact was reduced in the N-cadherin-null myocytes (Fig. 5B ) compared with wild-type cells (Fig. 5A ). E-cadherin-mediated adhesion restored Cx43 to normal levels in the mutant myocytes (Fig. 5C ). Although Cx43 was reduced, the ability of small aggregates of mutant myocytes to beat synchronously demonstrated that the cells remained electrically coupled.
Cell-ECM interactions appear normal in N-cadherindeficient myocytes
Previous studies have indicated that ECM components play an important role in assembly and/or maintenance of myocyte cytoarchitecture (Hilenski et al., 1992 ; Imanaka-Yoshida et al., 1999; Shiraishi et al., 1997) . In addition, it has been proposed that focal adhesions might serve as nucleation sites for the assembly of myofibrils (Lin et al., 1989) . To examine cell-ECM interactions, cultures were double stained with β1 integrin and vinculin, and visualized on the ventral surface of the cell. Although mutant myocytes often appeared less well spread compared with wild-type, focal contacts looked normal as demonstrated by the colocalization of β1 integrin and vinculin in typical adhesion plaques (Fig. 6C,D) . The focal contacts in E-cadherin-expressing mutant myocytes also appeared normal (Fig. 6E,F) . The presence of focal adhesions suggests a possible explanation for the normal myofibrillogenesis observed in the N-cadherin-null myocytes since they may provide nucleation sites for myofibril assembly. In both cultures, the orientation of the myofibrils was random with respect to their neighboring cells (i.e. no continuity across the plasma membrane). E-cadherin-mediated cell adhesion restored proper alignment of the myofibrils between the N-cadherin-deficient myocytes (G-I) and E-cadherin localized to costameric structures on the dorsal surface of the myocyte (J). Bar, 50 µm.
Discussion
In this study, we have examined cadherin function in cultured cardiomyocytes derived from wild-type, N-cadherin-deficient, and E-cadherin-rescued N-cadherin-null embryos. The results described here present the first genetic evidence that Ncadherin is not essential for myofibrillogenesis; however, it is required to anchor the myofibrils into the plasma membrane thus ensuring transmission of the contractile force from one cell to the next. Previous studies from several groups demonstrated that N-cadherin is important for myofibril organization. In vitro analysis using function-blocking antibodies (Goncharova et al., 1992; Imanaka-Yoshida et al., 1998; Peralta Soler and Knudsen, 1994; Wu et al., 1999) or dominant-negative cadherin molecules (Hertig et al., 1996b) indicated that N-cadherin plays an important role in the formation and maintenance of myofibril structure. These different findings can be explained by differences in the experimental systems. For example, in the dominant-negative experiment (Hertig et al., 1996b) , a cDNA encoding a truncated N-cadherin molecule consisting of a large deletion of the extracellular domain was microinjected into adult rat cardiomyocytes. As the endogenous N-cadherin disappeared from the plasma membrane, the cells began to retract from one another. These myocytes exhibited severe disruption of myofibril structure. By contrast, the myofibril structure remained intact in our N-cadherin-null myocytes. In the case Journal of Cell Science 116 (8) Fig. 5 . Expression of Cx43 in transgenic myocytes. The presence of Cx43-containing gap junctions was determined by immunostaining wild-type (A), N-cadherin-null (B) and rescued (C) myocytes with a Cx43 antibody. A typical punctate pattern of Cx43 was observed in regions of cell-cell contact in the wild-type myocytes (A). Cx43 expression was reduced in N-cadherin-deficient myocytes (arrow, B). E-cadherin-mediated cell adhesion restored Cx43 expression to normal levels in the mutant myocytes (C). Bar, 50 µm. Fig. 6 . Focal contact distribution in transgenic myocytes. Integrinmediated cell-substrate adhesion is responsible for proper cell spreading and motility. Focal adhesions were visualized in wild-type (A,B), N-cadherin-null (C,D) and rescued (E,F) myocytes using antibodies against β1 integrin (A,C,E) and vinculin (B,D,F). Although the N-cadherin-deficient cells often appeared less well spread compared with wild-type, the distribution of integrin and vinculin was similar between the mutant (C,D) and wild-type (A,B) cells. Focal contacts in mutant cells expressing E-cadherin also appeared normal (E,F). Bar, 50 µm.
of the microinjected myocytes, the myofibrils are dependent, at least in part, on the cadherin system for structural support since it is present in the wild-type cells. In the case of the Ncadherin-null myocytes, the cells have never seen N-cadherin and the myofibrils depend on an alternative cell adhesion system(s) for support. The fact that myofibrils assemble properly in N-cadherin-null myocytes is probably due to partially overlapping functions or compensation by other structural proteins (i.e. integrins). Compensation is more readily observed in genetic systems since the organism has the opportunity to respond by utilizing an alternative mechanism. By contrast, perturbing function of a protein being actively utilized by a cell is more likely to generate a dramatic phenotype as the organism will not have the opportunity to adjust and use another mechanism. We would predict that a conditional genetic knockout of N-cadherin would more closely resemble the myofibril phenotype observed in these other experimental systems. In contrast to the normalappearing myofibrils in the N-cadherin-null myocytes, the cadherin/catenin complex is required for insertion of myofibrils into the plasma membrane at sites of cell-cell contact, which was not possible to ascertain from previous antibody-perturbation experiments.
We also examined N-cadherin-null myocytes expressing the αMHC/Ecad transgene . In addition to rescuing the cell adhesion defect, the epithelial cadherin Ecadherin also anchored myofibrils into the plasma membrane, demonstrating that N-and E-cadherin are functionally interchangeable in this system. This result is rather surprising given that E-cadherin is primarily expressed in epithelial cells and normally not found in muscle. By contrast, N-cadherin is found primarily in muscle and neuronal cell lineages. N-and E-cadherin show about 50% amino acid similarity overall (Miyatani et al., 1989) , with the highest degree of conservation in the cytoplasmic domain (62%). It is interesting that the E-cadherin/catenin complex can support the insertion of myofibrils into the plasma membrane of N-cadherin-deficient myocytes, suggesting that the interaction of the cadherin/ catenin complex with the myofibril is not cadherin-subtype specific. In support of our findings, it is interesting to note that, in Drosophila, in contrast to vertebrates, DE-cadherin is expressed in cardial cells instead of DN-cadherin (Iwai et al., 1997; Tepass et al., 1996) . Classical cadherins are defined by their ability to bind catenins at their cytoplasmic tail, thus linking the cadherin/catenin complex to the actin cytoskeleton. In contrast to skeletal muscle, which expresses multiple cadherin subtypes, cardiac muscle appears to depend on one classical cadherin, N-cadherin. Consistent with this idea, β-catenin and p120ctn staining was greatly reduced at regions of cell-cell contact in the N-cadherin-null myocytes. Furthermore, expression of the αMHC/E-cadherin transgene in mutant myocytes restored catenins to normal levels, demonstrating the coordinate regulation of the cadherin/catenin complex. On the basis of the significant reduction in the cadherin/catenin complex in the mutant myocytes, we proposed that the integrin-based cytoskeletal network provides the nucleation sites at the plasma membrane necessary for myofibril assembly.
In vitro studies using function-blocking antibodies have shown that cadherin-mediated adhesion is important for gap junction development (Frenzel and Johnson, 1996; Jongen et al., 1991; Meyer et al., 1992) . Other studies, using adult rat cardiomyocytes (ARC), correlated the appearance of endogenous (Hertig et al., 1996b; Kostin et al., 1999) or a GFPtagged N-cadherin (Zuppinger et al., 2000) at regions of cellcell contact as a prerequisite for gap junction formation. Furthermore, introduction of a dominant-negative cadherin into ARC resulted in disruption of gap junctions (Hertig et al., 1996b) . In the present study, we observed a reduction in gap junctions as depicted by loss of Cx43 cell-surface staining consistent with a role for the cadherin/catenin complex in channel formation. Although Cx43 expression is reduced in mutant myocytes, their ability to beat in synchrony demonstrates that gap junction communication remains operative at some level, at least sufficient to electrically couple the cells. Our studies indicate that gap junctions are reduced but still present in N-cadherin-deficient myocytes, suggesting that other cell adhesion molecules (i.e. N-CAM) are sufficient to bring cells in close apposition, a prerequisite for gap junction formation. Interestingly, we previously found no reduction in Cx43 gap junctions in N-cadherin-deficient neural crest cells, consistent with the expression of other cadherins in these cells (Xu et al., 2001 ). Nonetheless, there was a significant reduction in gap junction communication in the N-cadherin-null neural crest cells as determined by dye coupling between the cells. Therefore, the function of the remaining gap junctions in the N-cadherin-deficient myocytes remain to be determined in future studies.
Together, cadherins and integrins are thought to regulate cell adhesion during cell migration as demonstrated in neural crest cells (Monier-Gavelle and Duband, 1997) and myoblasts (Huttenlocher et al., 1998) . In myocytes, in addition to its localization at adherens junctions, N-cadherin is found at costameres (i.e. attachment sites of peripheral myofibrils to the plasma membrane) similar to integrin. We found that Ecadherin also localized to costameric sites on the dorsal surface of the N-cadherin-deficient myocytes containing the αMHC/ Ecad transgene. It is unclear how these two adhesion systems might cooperate to stabilize the contractile apparatus; however, our present studies and similar studies performed with myocytes mutant for β1 integrin suggest distinct roles for these adhesion systems. In contrast to N-cadherin-null cells, cardiomyocytes lacking β1 integrin displayed disorganized sarcomeric structures in culture (Fassler et al., 1996) . In the same study, β1 integrin-null myocytes were capable of contributing to the developing heart of chimeric embryos; by contrast, N-cadherin-deficient myocytes were excluded from the myocardium ).
In our system, the distribution of focal adhesion plaques appeared similar in wild-type, mutant and rescued myocytes. Although focal contacts were present in the mutant myocytes, the cells often appeared less well spread compared with wildtype, suggesting that these structures may be less stable due to the lack of cadherin/cytoskeletal interactions. It is possible that loss of structural support from the cell periphery (i.e. less attachment sites for cortical actin) might cause retraction and subsequent compression of the myofibrils, resulting in their thicker appearance. Alternatively, the loss of N-cadherin-based costameres may perturb the cytoarchitecture, leading to subtle alterations in myofibril structure in the N-cadherin-null myocytes.
In summary, we provide genetic evidence that N-cadherin is not essential for myofibrillogenesis but that cadherin function is required for myofibril alignment between myocytes. The integrin-based focal adhesions are probably sufficient to provide nucleation sites for myofibril assembly, thus explaining the normal striated appearance of the myofibrils in the N-cadherin-null myocytes.
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